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CORROSION CONTROL OF PILINGS IN selected two more sites (La Costa Island. FL. and
SEAWATER: BUZZARDS BAY Buzzards Bay, MA). The installation of 31 sets of piles

(three per set) at La Costa Island was completed in
January 1971, and annual inspections have been

INTRODUCTION conducted since then. The results of the S-year mspcc-
tion hiave been previously published .2 CI- RC evaluated
the pilings through June 1974. when the inspection

Background responsibility was transferred to tie U.S. Army ('on-
fin coastal areas. tire Directorate of Civil Works. struction Engineering Research Laboratory (CI-IRL).

Office of the Chief of Engineers. 11-1,; jurisdiction over The l)am Neck and La Costa Island studies are to he
many structures supported on pilings -harbors, bridges, completed in FY81.
and buildings, for example. The design life of these
structures can range from a few years to 100 years. CERL was responsible for installing pilings at
Steel pipe and H-pilings have generally been used for Buzzards Bay in October 1974. and conducted the first
foundations in coastal areas; recently. prestressed inspection in July 1975." Annual inspections of tire
concrete pilings also have been used widely. piles in place have been conducted since then.' The

first set of pilings was extracted in 1979, as this report
Several types of protective coatings are available explains; the Buzzards Bay phase of' thre study will he

for steel pilings. In brackish water or saltwater ap- completed in 1989.
lications. where the life of even the best available
coatings cart be somewhat limited, cathodic protection When the Darn Neck, La Costa Island. and Buzzards
is used as supplemental protection.' In addition, the Bay studies are finished, the data from all three sites
chemical idustry continually develops new coatings, will be analyzed to draw conclusions and develop
snome of which. though expensive. may be used in recommiendations about pile coatings.
seawater. Zinc-rich primers also can improve the
performance of coating systems. Objective

The objective of this report is to assess ( I) tire rare
For rapid screening of these newly developed of corrosion of steel with and without cathodic pro-

coatings and primers, nondestructive measurement tection, and (2) the perfornmance of coatings after 5
techniques capable of predicting long-life (50-year) years in seawater at Buzzards Bay. MA.
performance based on tests of shorter duration are
extremely valuable. However, such tests performed Approach
in the laboratory, though indicative of coating per- Twenty-four sets (three pilings per set) of American
formance. do not simulate actual field exposures. Society for Testing and Materials (ASTM) A 36 or o90
Field tests at various geographic locations are necessary steel li-pilings were exposed at Buzzards Bay. MA.
because the effects of conditions such as marinie Most of the piliings were coated rrr had cathodic protec-
biofouling are important parameters which cannot be tion. One row of pilings was pulled out and inspected
simulated easily in the laboratory. visually. (Tile piles had been inspected by electro-

chemical mneasurentns from 1975 to 1979.) (l RL
In response to this problem, the U.S. Army Corps then established performance ratings for tire following

of Engineers and the National Bureau of Standards coatings: organic, organic over metal filled. I'i gainic

(NBS) bcgain a field study ofI pilirng corrosion in I1967. over me tal f ilIled withI cat lie d ic protect ion, riil i h
when 31 sets of piles (three identical piles per set) were and organic over metallic.
installed near Dam Neck. VA. Every 5 years. one row
rif pilings was to be extracted and examined for cor-
rosion damage. Kunmar and Wirtner. Materials Perjormaneue. , 9-19-

oethe effect of geography and temper- 'A. Kuniar and C. taltr, rr irst .,Annual Inspe'tion of

To determineBuzzards Bav 'lings. lechnicat Report M-t 72/At)A02418t
ature. the Coastal Engineering Research Center (CERC) t.S. Army (onstruction tI eginerng Research lhub,rator.

_I'I'RI,, 19761

A. Kunnar and D. Wittmier. "Coatings and Cathodic 41 . Kearney. Corrosionr of Steel 11lings tit Seawater B"i:
Protection of Pilings in Seawater: Results of 5-Year I-xposure,'" zards Bav 1975-/f78. Interim Report M-275/A)AOX6.21b
Materials Performance. Vol 18, No. 12 (1979), p 9-19. WI RL, November 1979).
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Mode of Technology Transfef 1 91 .4 crir) aind weigh *ilr ii 150 lb (WN -0 Kg)9
lire iiitiiatioii ii this stuidy Will ire jri0ploated wien new: the altiiiriiii itdes ale 4 X 4 X 3 ill.

Into I orps orf Fnirrncers Guride Specification ('X-t)9940. (10. 1 X 10. 1 X 96.7 ciii) arid \% irtli () lb (27 2 k,-,
Patittpt I1i'dratilic .Stirures and ..1/purtcnant When liew%. TWO SuIcI anodes wei e inisialled onl each

l rand Techn'ical Manuial (TM) 5-8 11-4, HIectrical pile to be cathiodically protected. (lie details ot tie
Dvtsign~i Crro sio Co(..ntrol. anrode ulo riot jungs are slimOvn iil Fig tre 6.)

Annual Inspections
2 BUZZARDS BAY FIELD STUDY Akter placenient. tile pilings had tive aiinriai ri1spe-.

tnitls cirniSisrligl iii visual oihSerVallrirs aid elciCC',
ClIerliical measurements. Faei 40-ti H12.19-ni) lengthi

Test Site and Protective Coating Systems of piling can be divided into three zones: die embedded
Figure I slroms thre location of' tile Bua//iids Bay zone (21 to 40 ft. or 6i.40 to 12.15 ini,inrnrersioi i/one

test site: thle arrangemlent oft tile pilings is Shown ill (l0 to 21 f't. o 4.88 to 6.40 it arid ratmospheric /,ie
Figure 2. ([:RL jelled into place 24 steel piles in three (0 to 12 It. or 0 ito 3.0 ill). Thre pilires were visrill'
rows designated A. B. anid C parallel ito tlie shoreline inspected olxI tn the atiospier ic /onie. iuch wkais rut
(Figures 3 and 4). Thle piles are niade oft either ASTMI ider wait. T-ie tipper 3 it)o i I I .52' to I N.3 in) o
A 30 or A.STM 690 (M~ariner steel) (Table I). Tire tire piles were coraled Withli nor110ant guano. \01,1 ric A,

steel li-piles :rre X inl. X 8 in. X 40 f't (20.32 ciii X niot thick enouigh to obscure obseivatiotis. lie splash
20.32 ciii X 12.11) ini) and weigh 36 lhift (54 kg,'i ). zone (7 ito 12 ft. or 2.13 ito) 1.06 inl) ascovered\ isih

Light prestressed concrete pilings Were also installed mnarne biOfoul1ing. StIch as bfarIne.
f'arther fnnrri the Stoney Point Dike.

Three types of electrical nucasrireirerts iscrc taiken
Sonic piles have no coating or sacrificial anodes, pile corrosion potential rtrCJSUreiCie~ii s. CA rod1

WhIiile Onthrers have bothI coatings arid cathodic pro tec- protect ion in rde x (C'I ) ureasriremie its, anrd pol aii/ai,
tion . Sortie of' tire protective coatitng systetris at tire mneasuiremrents. Electrical contact w\ith) tire stainless
Blittards Bay test site are tile saile as those at tire steel rodIs in tire pileS i as trade w itl i s i clrIp)S

lani Neck arid I-a Costa Island sites. Thle systerris connected tno tire cable wie.lie protei~ctionr otrei
include organic coatings. tretallic coatings, arid zinc- 1wv sacrif iciarl anodes was assessed wh pile ier ii

rich primers with top coats. The organic coatings mreasrurermentis. MIiller MIodel \1 -3-.\l \M~il i lOieter
rie Coal tar epoxies. Saran . vinyl,. p1 rerrolic mast ic . a digital vol iiire ter.was uisedt 10 ii eaSri re tireple ri iit,,

epoxv prrlyaride. epouxy over inorganic ceramiic, Withi respect to a copper,11 coprslprt lCirC1"0
arid porlyester orver glass flake. Metallic coatings include iririri~lerse inl seawa*ter.
tlrrie-sprayed aluirriniriri arid zinc Withi arid without
organic Seal Coats. (See Table I for ai coriplete list ( I-RI deter irlirred (Isl tot1 .1ll crAed pile teeep
of crratirgs arid their sourrces.) Tire coatings were (rlose wr'ili sac'ifbetal ;iriodCS) [I\ jkhr111 jrn 0,11\J11rir

applied alter tire base rmetal was sand blasted toi 'tiear couple1 beteen iltetir alid .1rMI bi 11e p ilitd 11101iri

wie riretal.' accoirdinig itn Steel StrirctIrs pairrnting tiinrg tire pintein ai \isll) /OCr aplhied crir ittl I hie
( ouricil (SSV(' Specif'ication SSPC-SP-l10-63T, Row A currenit Was thenl increased to lokkvr tire ririrril1 plre il
piles are comipletely coated, row C piles are coated to 0.83 V fr1 (ltir Coated riOles li1C 01CrntIsI is

except tir the louwer 15 f't (4.57 iii). Row B3 piles are coristait adjuisted to keep tlie liriered sirre MI tire
coated except iii areas called wridows, as shiownirn proteritial cirrisrarir dlirttrg ar .-rrirriit. t11un. 1ire itirtial
Figures 4 and 5. Tire pile,, are identified by raised Weld arid fiirlrl valuecs tt, tlie ciii ciii arid roterrirri1 isere tirert
(head nrurrbers near thre top. Row B is nearest tire rUed to C1cAalcult tire CPI' VirreC WItl hr ih I
(reachi l ow IL. which conitainis tire corncrete pilings. (1 ~ .

is t'arthest frorm tire beach (Figure 4). Stainless steel
rods are welded between tire inside tlanges of' each wirere .W Charnge Ill viilage
pile so t (rat electrical contact cart be inade f'or electro-
cirerircal rrearsurremrents. Il current reqitied Iii shrift tire volitge.

lreL irr ahnirirnirui sacrificial anodes, (or tlie ca- Ilie ciii nisiori rate rrie;isiirertretrts, isere cotruhrrered
h ud rea protiiied Piles Were ii oun ted rear tire sari .i iry sd rweiireger l Me1( WDlii.ns N rhiiair
/one, lie /itre arnnides are 4 y 4 X .10 ii. (10.1 X hrik' irietliirr wiei rises breaks illth lol ri i rd

X
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ROW DESIGNATION

E A C B

- o 25

3 0 0 0 24 CT EPX
0 0 0 23 CT EPX
0 0 0 22 BAREM Fe (PIPE)
H H H 21 VINYL

co o H H H 20 VINYL
H H H 19 ZN FL - SPR
H H H 17 AL FL - SPR

-g
0H H H 17 InAL FL-SPR

(3 H H H 16 c POLYURE FL-SPR ZN
H H H 15 : POLYURE ORG ZN
H H H 14 x FLOOD TIDE POLYURETH ORG ZN

BUZZARDS H H H 15 0 EPX ORG ZN
H H H 12 z EPX ,SAYI
H HI CT EBB TIDE EPX ZN-R PR

aS H H H 10 CT EPX
0 zH H H 9 CT EPX ZN-R PR z

H H H 8 CT EPXZN-R PR a
_ H H H 7 0 CT EPXZN-RICH PRIMER
- H H H 4 2 MARINER (BARE)

- H H H I BAREo( F. o

6 H H H 6 CT EPX ZN ANODES
3 o C , w ,

-- H H H " MARINER + ZN ANODES

H H H 3 AL ANODES

-n 3 H H H 2 ZN ANODES

-- - 0 3 0
I 15' I 5'' I 15' (SYSTEMS 25 AND O WERE NOT EVALUATE

SI B I IIN T/S TEST SERIES BECAUSE OF DAMAGE)

SYMBOLS: H DENOTES HP 8" x 8" x 36LB. STEEL PILES

0 DENOTES 8" DIA. SCH. 40 STEEL PIPE PILES

O DENOTES 12" SO. PRESTRESSED CONCRETE PILE (CONTRACTOR FURNISHED)

CT DENOTES COAL TAR

EPX DENOTES EPOXY

Figure 2. Installation plan, . (Metric conversion .act(ors I ft (.3(4. m. I in >.;4 cll. I l 1 ) . :

I)



"A" PILE "B" PILE "C" PILE
IDENTIFICATION NO.

S HOWN ON ELE V.i
TOP

w < U
U U I

ww a-~

I-w _0(

0 V-I

0

o

0 w

L.)
z

Figure 3. Pipe pile coating detail. (Metric con~version hctors: I I't 0.3048 IinII. 2.54 cm.)



-~-BUZZARDS BAY STONEY POINT DIKE-~

+ 16' M. L.W.

IE A I IDENTIFICATION

CONCRETE STEEL STEEL (B
m -PILE PILES PILE

I, 5' + 15' 15 4

PILES BY CONTRACTOR IN
ROW A AND 8 (TOTAL 42)
PRIOR TO INSTALLATION
(SEE SPECS)

Figuire 4. I'iIC SvYII1ll liIl/.i; IS Iidiy. (MICrkI' S10vcrIo1 Il orv I 0i I30-4,1 i I m, -',',



Table I

Test Pile Preparation Details

Total
Dry

Coating
System Type of Type Pile and Protection No. of Thickness

No. Pile* Coats (mils)$ Coating Source' Remarks

I I Bare Carbon Steel....------ ------....

2 H Bare Carbon Steel with Zinc Anodes .... .....------ Anodes

3 H Bare Carbon Steel with Aluminum .... ------------ 2 Anodes
Anodes

4 H Bare Mariner Steel ... ---- --------

5 H Bare Mariner Steel with Zinc Anodes .... .....------- 2 Anodes

6 H Coal Tar Epoxy, over Zinc-Rich ------------ 2 Anodes
Primer, with Zinc Anodes

-Epoxy Zinc-Rich Primer CERL 1 2.5 Iowa Paint Mfg.
Formula No. E-303 (0.06 mm) Co. (Via CERL

Paint Lib)
-Flormula C-200, Coal Tar Epoxy 2 16-20 Koippers kopprsr

(0.41-0.51 mmn)

7 H1 Coal Tar lEpox , over Zinc-Rich
Primier

- poxy Zinc-Rich Primer CI RL 1 2.5 Iowa Paint Mfg.
Formula No. F*-303 (0.06 inII) Co. IV ia (1 R L

Paint Lab)
F ormula ('-200, Coal Tar Epoxy 2 16-20 Koippers

8 H Coal Tar lFpoxy, over Zinc-Rich
Primer

-Porter Zinc-Lok No. 352 Primer 1 1 (0.03 mmi) Porter Paint Co.
-Formula C-200, Coal Tar Epoxy 2 16-20 Koppers

(0.41-0.51 mm)

9 H Coal Tar Epoxy, over Zinc-Rich
Primer, Aluminum Oxide Armored
at Mud Line

-Epoxy Zinc-Rich Primer NCR 1 2.5 Iowa Paint Mfg. 4th cut a

Formula No. F-303 (0.06 mm) Co. IVj Cl-RL . Vot
Paint Lat,) hc q'pp'hed

-Formula C-200, Coal Tar Epoxy 2 16-20 Koppers I 0 m.id
(0.41-0.51 intn) 23 114 IS

I lurtula C-200, Coal Tar Ipoxy andti 7 111 111)

± Alutminum Oxide G;rit (No. 30) anid hortimi1
Broadcast into Wet Final Coat it pI'le

*Steel H-piles are 40 ft (12.19 m) lengths of 8 in. x 8 in. x 36 lb (20.32 cmt x 20.32 cm x 16.33 kg) mild carbon steel, except
systems 4, 5. and 11. which are "Mariner" steel H-piles. Systems 22. 23 and 24 are pipe piles. miild carbon steel. 8 in. (20.32 cmi)
diameter, schedule 40. 0.322 in. (0.82 cm) wall thickness.

lilm thickness tolerance per coat may be plus or minus 15 percent of given thickness per coat when no thickness range is given.

+An approximately equal brand name coating with application and preparation instructions can be furnished by the ;isvernmen t
fromn the same or another source. CERL is symbol for the Paint Laboratory at the U.S. Army Construction Engineering Research
Laboratory.

1 3



Table I (contfd)

T4 Ia I
Dry

Coating
System Type of Type Pile and Protection No. of Thickness;

No. PieCas (milS)** Coating Source Remarks

Il0 11 Coal Far Fpo.Ny. over Fpuxy Resin
Primer

I p)o\y Resin Primter 13 I'mter P'ainit Co.

Folrmnula (C-200, Coal Tar Ep1oxy 2 16-20 Koppers
(0.41-0.51 tni)

11 If Coal Far I-poxy, over Zinc-Rich Mariner
Primer, onl Mariner Steel st eel pile

I po-,t\ Zinc-Rich Primer NCR 1 2.5 Iowa Paint Mipg.
Ioriula No. E-303 (0.06 tim) CoI. (Via CI R1

Paint Lab)
I luriula ('-200, Coal Tar Fpoxy 2 16-20 Koppers

12 1] I poxy over Inorganic Ceramnic
-Plas-Chemn Zinc-ite Primer 1 3-4 Plas Chen) C-orp.

(0.08-0.09 in1 mj
-Plas-Clicin (Cerami-ie No. 10 1 1 5-k'

(0. 12-0. 15 min)
-Plas-Cheni 2140Z High Build Fpoxy I 7-8 Plas Cheill Corp.

(0. 18-0.20 111

13 II I- poxy over Organic Zinc Primer
-Zincor No. I I Primer 1 1-1.5 Plas ('bent) Corp

(0,03-04 min)

- (bent-I'm 231 OIX Red 1 8-9 Ha' Itemiil Cor p.
io.20-0. 23 11i1t)

C hcin-Pi', 23 l OX (;rai 1 8-1) las (li .rp

(0-20-0.23 in i)

14 it Polyurethane over Organic Zinc-Rich
-Cheinglaze Zinc-Rich Primer 9927 1 3 II ugliso i ( hecili

i008o111
-( hernglaze II 2 3-5 Hulisonl (hitil

(0.08-W 12iiii

Is HI Polyurethiane over Organic Zinc-Rich
wi(th an I nternmedia te Elastomer Coat
-Checnglaze Zinc-Rich Primter 9927 1 3 lhiigltson (itemi

(0(.08 tutu)

- \ 31I 2 F lastoiter 1 6-8 II itelsoln Clieti M3 12 i,

(0.1 S-0.20 mmi~ Ii til d
*('hemngla,.e 11I 3-5 HIuglisoti ('beiti - I coait IIp

(0(.08-0.12 11i11) to 111 1m10%
((0.25 h1111i

*Steel I-piles are 4011I (12.19 Ii) lengths ol K Ii. x 8 Ini. x 36 lb i2i.32 cmt x 20,32 cii It16 3 1k)I mild) ktliun steel. e~~

systetits 4. 5, and I I , which arc "Mariner" steel- Il-piles. Systemis 22. 23 midi 24 ire pipe ils mild titoit stcvl. 9 Ili i24 .32 ,iml

iamieter. %whedulc 40). 0.322 in. (((.82 Lil Wall titickitess.

*1 1111i thickness tolerance per titat nay lie pis or minus 15 percent ol given tickiness pecr coat \% liecitno thickness ranve i, giseti

An ;ippiminaitely equal brand natie coalinig with applicatioin arid preparation inistrtuctioins caitlhe I iritisled bit the (cuiseiinitt
fronm the %ante or another source. (-R I. is symbol (or (lie Paint Laboratuir\ at the U.S. Atlmii ('tirtitioni I igincrtini Reoi

14



Table I (cont'd)

Total
Dry

Coating
System Type of Type Pile and Protection No. of Thickness

No. Pile* Coats (mils)** Coating Source' Remarks

16 if Polyurethane over laine-Sprayed
Zinc, with Intermediate Wash-
coat Primer

Flame-Sprayed Zinc 1 3-4 Metalweld or
(0.08-0.09 m111) Metco Urecal Co.

-Washcoat Primer Formula 117. 1 0.5 Via Seaguard Co.
MIL-P-15328 (0.12 mini)

- Urecal 9301 Polyurethane 2 4
(0.09 mm)

17 H Aluminum, Flame Sprayed (Wire) 1 6 Metalweld. Metco Stet N ire
(0.15 mm) or equal lash Bond-

Irig C oat.
I nil (0.03 ntm)

18 H Aluminum, Flame Sprayed with Wash- Steel Wirc
coat Primer and Aluminum Vinyl
Sealer

- Flame-Sprayed Aluminum (Wire) 1 3-4 Metalweld, Metco
(0.08-0.09 mm) or equal Via Sea-

- Washcoat Primer Formula 117. 1 0.5 quard Co.
MIL-P-15328 (0.12 Imin)

- Metcoseal AV, Aluminum Vinyl 2 2 Metco
Sealer (0,05 mm )

19 H Zinc, Flame Sprayed, with Coal Tar
Emulsion over Coal Tar Solution
Top coats

- Flame-Sprayed Zinc (Wire) 1 3-4 Metalweld or Metco
(0.08-0.09 fim)

-Wise Chem T-265 Coal Tar Solution 1 15 Wise Chem Co.
(0.38 mm)

- Wise Chem T-264 Coal Tar Emulsion 1 7-8 Wise Chem Co.
(0.18-0.20 mm)

20 H Vinyl Glass Flake over Vinyl Zinc-Rich
- Vinyl Zinc Rich 1 2-3 CIRI. Paint Lab

(0.05-0.08 nln)
- Vinyl Glass Flake 3 6 C1FRL Paint Lab

(0.15 rm)

21 H Vinyl Mastic over Synthetic Resin COiring Solu-
Ticcoat over Washcoal Inorganic tion tu be
Zinc Primer removed b

- Dimetcote No. 3 i D3 (uring I 3 Ainercoat Corp.
Solution (0.08 111110

- No. 54 Tiecoat I I Aincrcoat Corp.
(0.03 mn)

- Vinyl Mastic No. 87 1 10 Amercoat Corp.
(0.25 mm)

*Steel H-piles are 40 ft (12.19 m) lengths of 8 in x 8 in. x 36 lb (20.32 cm X 20..)2 cm x 16.33 kg) mild carbon steel, cxcept
systems 4. 5. and 1i. which are "Mariner" steel H-piles. Systems 22. 23 and 24 are pipe piles, mild carbon steel, 8 in. 20.32 cm)
diameter, schedule 40, 0.322 in. (0.82 cm) wall thickness.

Hilm thickness tolerance per coat may be plus or minus 15 percent of given thickness per coat when no thickness range is given.

tAn approximately equal brand name coating with application and preparation instructions can be furnished by the Government

from the same or another source. CERL is symbol for the Paint Laboratory at the U.S. Army% Construction l, ngineering Research
Laboratory.
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Table I (cont'd)

rotal
Dry

(oating
System Type of Type Pile and Protection No. of I'hicknes

Nl,. Pile* oals (mils)* Coating SMrce Remarks

22 Pipe Karl (arhon Steel

23 Pipe (*ai lar I poxy over Zinc-Rich Piicr
- I pox5 Zinc-Rich Primer N( R I ortnula I 2.5 h,',5 . Paint %lt ,

No. E-303 i.06 mini, I' I (I HL l'int [.1,
- I orinula (-200, Coal lar Ul'poy 2 16-20 Koppei%

0.4 I-o.51 in

24 Pipe Coal Far I posy. Armored at Mud Line
over Zinc-Rich Primer

U- po y Zinc-Rich Prmer N(R Iormula 1 2 5 lo%.', P; int Ml,.' 4n . . ,t .

No. 1-303 I((16 il,,, ( \ a (I I l \ijs

Paint L.a ). a L

- I ormula (-200. Coal Tar 1- po.'.\ 2 16-20 kopper%, hcv ctl I
10.41-0.51 ni ) .. 1 23 ,

- I orniula (-20(1, Aluminnum O\idc I 10 K.,ppcrs t5 I h and
(N... 3(0 Grill Broadca' t into Wet (O.251 (I I min I ,!
I lllaI C oal [, ' ,llI': i

*Steel 1l-piles are 40 ft 12.19 m) lengths of 8 in. x 8 in. / 36 lb (20.32 ci - 20.32 cmii 16.33 kg) mild tarhon sithcl. c\.cp

systems 4, 5, and II, which are "Mariner- steel If-piles. Systems 22. 23 and 24 arc pipe piles, mihl jarhmi stcel. 8 in. 2( 32 til
diameter, schedule 40, 0.322 in. (0.82 cm) wall thickness.

I *l'm thickness tolerance per coat may be plus or minus 15 percent of given thickness per coat %% hen no thickness range i% given

+ An approximately equal brand name coating with application and preparation instructions can he furnished b the tovternmcnt

from the same or another source. CERL is symbol for the Paint Laboratory at the U.S. Army Construction I ngineering Rest.arkh
Laboratory.
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TO AMMETER
ON PI

12 v

.5.f. 5.l. 50a

5-- AAAA

PILE € '- sLEAD FROM CATHODIC O ANODIC

TERMINAL

2 A . LEAD FROM
AUXILIARY WIRE 91

TO PILE Cu/CuSO4  Cu/CuSO 4  TO AUX. PILE

PI = MILLER M-3 PM/VM OR HIGH RESISTANCE VM; USED FOR MONITORING
POTENTIAL /VOLTAGE OF TEST PILES.

P2 9 MILLER M-3; FOR AUXILIARY PILE VOLTAGE

Figure 7. Circuit diagram for measurenent of cathodic protection index.

cathodic polarization curves to identify the corrosion where Ii, and 1 4 the tangent intersection t iw

rate by a calculated corrosion current. I.' I, call be portions ofi the anodic and cathodic iui es. Icyc,

calculated from the following relationship, which was lively. nhese polai/mia o curves me oai htallned 1,N

derived hy Pearson and ;onfirined ty Ihlller.6  increasing tile current Ilrout /cro ove, equal pcl,,,ls

of time e.g.. at 5-minuie intervals.
I.=(111) 00 /)i 4- I'l I [lq 21

Figure 7 difusitralt'. Nh ci i .'Cljtmi dilfja n an Iuwsd III

makint the polarization and (PI ileasuimelilenlts

'W. I. Schwerdtlemcr and 0. N. McDorman. "Measuremnent Five-Year Inspection
oft (orromon Rate of Metal Irol Its Polarizin ('haracteristics." In Novemher 1 979. time rt)%k ( pilings Welc temoe t
Journal of tht, '.h'ctroeh rm i'al Soietv, Vol 99 1952). p 

4 0 7
. by hooking a crane to th c pull-holes o n th e pihii N

'I. M. Pears,. " 'Null' Methods Applied it (orrosion Water tellirtg was used to 1tlosen the h. tt il l itei r l l
Me%4 u,'lt sefl I rraiirm +in of fit, H'tr iclu.u'nm al Soc irv.
Vol 81 (19421. p 485. It. U. Holler. "Studies on (;alvanic around the piles to prevent piliny' damage At t'l

(ouples." Journal of the Flectrochemical Society. Vol 97 removal, the piles Nere sent by barge to North Ilav'enm

n1950), p 277. CT. where they "ete loaded onto ,iid upporll
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Atid separators oii the supports protected the Coa- ito the change fin current I [q 1 j. a direct correlationi
tings froit being damnaged by contact with a hard exists hetseen ('III and hare steel exposed to ant
suirtace. [hle piles were spaced to allow roomt to turn aqueous medium11. A decrease in thle CP~I neatis that
tile piles for inspection ot" all surfaces. Then trte piles a larger area of' bare steel is exposed to water (largter
were cleaned: h ut -since they were covered hy guano change in current requireJ) and thus indicates coating
in rte atmospheric /one. f'ouled by miarine organismns in deterioration.
thle uninersed /tone, and coated with attached oyster
Shiells 3iid Sind tit thre embedded /.onle, more than a The 5 years of data froin La Cousta Island has sliov.it
cdnvenional A ater Asash was needed. Iliand-scraping that CPI versus tume of expostite plots ats a strIaighit line
cinoved most mlarine f*ouling without damlage ito thle onl log-log coordinates-," so thle CPI follows a relation
1oatings. Atter this cleaniing. coating thickinesses for of' thle type:

the inniicised lonIe were measured %&s tit an lcoteter PhI K '' + C, I 1 3
tit fl -tIi tick neo\ gage. Tile piling Item h ad to be
steaml cleaned ito tetitove thle guano. Charts were K oridintintecep at log i
co nst ructicd d isplas iig thle corrosion he ha vior it f thle

pilings (see tire appendix). aitd the coated piles were Ci, cotnstant at I (initial CPI .at onircision
rated fin accordance with ASTM D 610-4,5 fTable 2).

'rte hare steel piles had to be sandblasted bef'ore I tm tepsie

their flange thicknesses could be measured.- After the Plotting the ('Pis versus timne durations onl log-log
sandblasting operation, tile flange thickness was plots at L-a Costa permitted prediction of Lite dccir-
measured along the length of" each of' the bare piles. iutratiotr of' the coatings, as deimonst rated by a negat iset
aiid a profile was made, slope. 1 lowever - sonte cotatintgs. Such as flame -sprayed

mlet a lics, had a cot 0ple te la t slitpe br a slighit l
positive one, indicating fitrmation of- pruttectiive ci

4 RESULTS AN~D DISCUSSION rilsitti products. Such aS alittuin11,11 oxide or /inc
oxide, in thle potritus flairie-sprayed mnetal. All otiter
systetis showed negative logarit hmtic hehavioi, %kisth

Electrochemical Measurements decayr If tid(e\ tit ( hLq 3) depeniding iftitre cuig
I"ifiaIlb asur-,ni-,tm and "t11ih thicknless. file iesilts itt ('II Iitcasultie,c1tt

rite potentials it tile pittected piles (Table 3) were at hliiiards1 Bay ate sloititit Fahle 4.
mecasuired Asilt respect tot a citppei -copper sulphiate
halt-cell. tire testilts ottfthe inspecitions f'roti 1975 it [Diring 1977 atnd 1978, att error kas made ti rOte
19i79t shotw that not significant changes fin potentials electrical rieasutei if'fPI anid piulat i/attiii oiut emit
occturred . indicating that thle sacrificial atiodes provide [le citet-carts tug wite was alsit used as [le pOICiiitItl
protectioin fin the uinersed l(Itl. mieasuinig %% ire. rhis caused the actuial pits'nial shilt

at tile test pile iii he less thanith il'imeastiued pitenitial
(P1.I~'usjrtntutirshift k thre IR diol itp itre woue.

Thle C'PI indicates, the current required to cathod-
ically protect a pile's bare area fin the immersed /uone. iti example,- tire actual poutential of rte hare steel
The index reflects the amiount of current required iii pile I A was only 0.f17 Allen the meiasured pottential
shift the pottential of tile pile in thle cathodic direction at the vitlitneter was 1 .3t0 V "[lite (l.o3 v ditteemice
to ailain 0.85 V with respect iii a copper-copper was caused O\ rtre hR drop I heing equal to 0.5 amtps.
sulphate electrode. Fuor cotatcd pile 1 3A, the tmeasured poreitial 55 as

Recet lbortoryinvstiatios o viyl ad cal I V. bitt rte actual potiential ssas {IutOV fori a
Recet lhortity ivesigatonsitfvinl ad ctal current of 0. 12 aitips.

tar eptoxy cotatings and bare steel uimersed fin tapi and ________

silt water at CI RI. have demonstrated thie direct 'Kim.1 .mui W11ttitw. 1jajiralji I'i-riiruuPi. 1 ILO1
corirelC atin bet ween c ha nge In tir rent tand change III I siit.it . ct it. Pr.olutri. I MA,01 /t 1i a \ afraI

bare steel a rea Since i le C Ph is Invyersely pro po r tiolt Scakit-awr' I pit,,. twiti Part // N lSt '6 1 Wt4 t N .t iiat

I t. II1, ti 5.-itur Kilts oii Nt .Ifi I siuirv- :a-t Buat IY' W8 ' Iteimi Hejr MI 275 At)-St711626
t~a~r~r irriia V, -1 12t iN. N t 1 it It RI tIi t . Nuitihi 149
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Table 2

Scale and Description (of Rust Grades*

SSP(-ASTM
Photographic

Rust Grades** Description Standard

10 No rusting or less than 0.01 percent ot surface rusted unnecessary
9 Minute rusting, less than 0.03 percent of surface rusted No. 9
8e** Few isolated spots, less than 0.1 percent of surlace rusted No. 8
7 Less than 0.3 percent of surface rusted none
6t Fxtensive rust spots but less than 1 percent of surface rtsted No 6
5 Rusting to the extent of 3 percent of surface rusted none
41 Rusting to the extent of 10 percent of surface rusted No. 4

3I't , Approximately one-sixth of the surface rusted none
2 Approximately one-third of the sur lace rusted ntone
I Approximatelv one-halt of tite surface rusted none

0 +  Approximately 100 percent of the surface rusted unnecessary

Table 3

Potential Measurements: Pilings With Sacrificial Anode Cathodic Protection V
Voltage Voltage Voltage Voltage Voltage

Pile No. 1975 1976 1977 1978 1979

2A -1.05 -1.06 -1.08 -1.03 -1.02
B -0.97 -1.00 -1.04 -0.97 -1.06
C -1.05 -1.07 -1.08 -1.03

3A -1.04 -1.06 -1.08 -1.01 -1.09

B -.095 -1.00 -1.03 -0.96 -1.05
U -1.03 -1.06 -I .08 -I .01

5A -1 05 -1.06 -1.07 -1.02 -1.08
13 -0.96 -1.00 -1.04 -0.96 -1.06
C -1.06 -1.06 -1.06 -0.99

6A -1.06 -1.09 -1.09 -1.03 -1.1

II -1.09 -1.09 -1.10 -1.03 -1 11

U -1.07 -1.09 -1.08 -I.O3

*Reprinted with permission fron the .lnnual Book ofISTAI Standards. Part 21. Copyright,
American Society for Testine and Materials, 1916 Race Street, Philadelphia, 'A 19103.

"*Siiflar to European Scale of Degree of Rusting for Anti-Corrosive Paints (1961 ) (black and white).

**(orresponds to SSP( Initial Surface Conditions I. (0 to 0.1 percent) and BISRA (British Iron and

Steel Research Association) 0.1 percent.

tCorresponds to SSPC Initial Surface Conditions I- (0.1 to I percent) and BISRA 1.0 percent.

o rresponds to SSPC Initial Surface Condition G ( I to 10 percent).

r+
. Rust grades below 4 are of1 no practical importance in grading pertormance I pallt.

Corrcsp,,nds to SSI(' Initial Surlace (ondilin It 1510 to 100 percent).
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Table 4

Tabulation of CPI 1975 to 1979

Pile No. 1975 1976 1977 1978 1979

IA 0.0487 .1333 2.78 4.6 .0555

Il 0.058 0.327 0.058 5.86 .053
" Aux Au\( 0.89 Au\ Au\

4A 0.0472 0.34 0.87 4.55
B 0.0667 0.34 0.058 4.69 .0158
"--- .321 Aux 6.25 (1.49

7A 7.65 14.29 21.00 1(.38 4.125
1t 6.21 4.52 6.11 3.(16
C 0.19 0.449 1.47 186

8A 7.19 14.29 7.50
it 7.20 2.75 1.96 7.65

0.18 0.435 1.62 4.44 .178
9A 6.13 14.29 7.69 6.88 3.175

B 7.50 6.38 1.69 7.13 2.86
" 0.18 0.459 1.75 5.0 179

10A 6.0 12.09 3.85 8.92 3.825

B 16.16 6.1 3.57 6.5 3.05

0.19 0.438 1.58 4 38 ---

A 5.33 12.5 7.S0 10.0 01. 14
B 8.71 4.21 1.85 643 2.s9

0.16 11.44 1.57 5.0 161
12A 2.73 1.82 5.2 .6,(3

B * 1.25 0.213 5.2 .2.12
o.16 0.409 1248 4.8 -

13A 5.68 14.29 4.14 7.37 .o92
B 15.15 2.65 2.20 6.08 1.75
( 0.15 0.458 1.55 4.7 .164

14A 7.65 2(.0 2.08 5.56 1.14
11 15.18 3.25 0.773 6.0 1.32
" 0.17 (1.455 1.52 4.79 .275

7.22 1.04 17.86 2011 8.25
B 13.71 2.73 1.53 6.52 1.97
C 0.71 0.44 1.49 4.64 .176

16A * * 2.34
B 5* (.*56
C 0.16 * 1.18 4.5 .1411

1 7A * 11.669 1.65 * 50(
It * 11.311 *

11.5 11.317 1.47 3104 132
18\ I.62 12 * '26
I1 2.2I) I I2 *22

..16 11494 1.47 1 IN 146
19A 1.79) *

It 11.375
C * 2.43 5.88 I 2

20A 6.36 4.64 9.33 5.2 1.49

El 7.39 2.91 2.0 4.17
C 11.23 11.542 1.6 2.8Q .e1cn k' icc

21 A 1.47 2.)5 2.216 3.57 Bcnt k i, c
Bt 6.25 2.65 11.619 3.41 Bent I,\ ice
C 11.28 0.545 1.52 3.16 lent M Ice

22A --- 0.378 1.40 3.1
1) Bent b. ice

It ... .3 75 (.076 2.95 lent b\ icc
" Au\ Aux 1.49 Aun Bel) b IWe

(oI nect ion
Broken

*Inllial Potential Readinl.! -118 5 V (l',tentiI \a% not shifted hy 150 mV).



Table 4 (cont'd)

Pile No. 1975 1976 1977 19/8 1979

23.A 11.03 31.11 11.50 Bent by ice
B 4.22 8.26 3.13 Bent b% Ice
C 0.26 0.845 1.88 3.5 Bent b% ice

24A 22.50 50.0 Handles Connection Bent by ice
Broken Broken

It 4.29 4.77 2.50 C onnoction Bent s ice
Broken

" 0.48 1.06 1.50 2.22 Bent by ice
25A -.--... Bent b% ice

Bt .. ... Bent hv ice

*Initial Potential Reading K-0.85 V (Potential was not shifted by 150 JnV).

Because of this error, the rate of coating degrad- I. Pile IC was bale carbon steel and was cotroding,
ation at Buzzards Bay cannot be determined by elec- but no pitting was noted. There appeared to be some
trical methods. However. the error in measurements delamination of the steel at the waterline.
,was corrected in 1979, the measurements in 1980
should give the rate of the coatings' degradation. 2. Pile 6C had an epoxy. litc-rich primer E-303 C-

200 coal tar epoxy system with attached zinc anode-,.

Icing conditions were severe in the winter of 1977 The coating appeared to be in perfect condition, and

and 1978. Concrete pilings were completely broken in the anode was in near-new condition. The coatine:

1977. arid steel piles 18 through 24 were bent. thickness measured about 22 mils, with sotne meastnre-
ments as high as 28 mils.

Polarization Measuremen ts
The corrosion rate or rate of metal loss can be 3. Pile 7C had an epoxy, zinc-rich printer U-303 G

determined from the average corrosion current density: 200 coal tar epoxy system with a coating thickness

the higher the corrosion current density, the higher the varying from 12 to 30 Itis. with most thicknesses in

metal loss or the corrosion rate.' ° In 1979, the cor- tte 20 to 30 nil range in the Upper areas. atd ittite

rosion current (as calculated fromt Eq 2) for bare 16 to 18 ril range at tile waterline. Several square
inches of corrosion were toted at the waterline:carbon-steel pile IA was 0.8 atup. and for Mariner where a handle had been welded to the pile. Poor

steel pile 4A, also 0.8 amp (Figure 8 and Figure 9). surface preparation may have been responsible for

and were determined by extending the tangents the rust. In addition, the primer adhered poorlk to the
of linear portions of the curves and determining steel within about 1-1,2 in. i3.81 ct) of this cor
their intersection, as shown in Figures 8 and 9. s ith r ot in .decs er ot

rtosion. No other coating defects were noted.

The flange thicknesses of the bare and caliodically 4. Pile 8(' had a Piorle =352 Zitnc l.c /inc-iich

protected pilings are shown in Figures 10 I 15. It is primcr/C-200 coal tar epoxy system. Fhickness %kas
observed that the average corrosion rate of bare carbon abtul 17 t 18 nmils ill lie walelline aica, wi1h a

steel JA 36) in the immersed zone (excluding tidal few areas as thin as 13 mils. Other than datniage dotte
zone) is 3.4 mils/yr. The corresponding average cor- to the top of the pile by tile driving operalitn . tie
rosion rate ftr bare Mariner steel (ASTNI 690) in the coating appeared to be in perfect condition.
rmmersed zone is 1.4 mils/yr. Sacrificial anodes re-
duced the corrosion rate to zero in the immersed zone. 5. Pile 9C was a zinc-rich primer L-303/'C-200

coal tar epoxy systeill with aluminumt oxide grit
Visual Observation of Coating Deterioration added to the final coat of C-200 coal tar epoxy. Thick-

rhe following paragraphs evaluate coatings in the ness measurements were inmpractical due to tite rough-
immersed zone and splash zone. Charts of the coating ness of the ctating system. The coating system was tt

degradation are shown in tie appendix. excellent condition, however, the fouling was mole

abundant atid more difficult to remove because it

"A Icalante. et al.. NBSIR 76-1104. tie systen's r ughness.
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i1. Pile I OC had iln epoxy resin initner mtatiufac- I al0310 )o150 reilat. Fhe :0,ltI1_' \5.1' .lelt'Cl
tiired hv Porter. fllokwed by a (-200 coal tar epoxy b'listeted. \ith tlitan\ blistets Ii rte 3 4- to I-m it I 
topcoat. Coating thickness ait tile waterline area was it) 2 *4 Liii) dimeter si/e itt tihe Ltideiss idat

11) to 25 mnils, with somle measuremients as highb as 30) Loss 0! idh/siol OCCIIrCd hctss2,1 lt: waJS1 5t[Ittet
mils. The systemi appeared ito be in perfect condition. and tile 'lailne-spi ayed /lie. There ss etc at easat o

Sligl t Jhove thle ipper) wAterliiic. anld :rhontates
7 . Pile I IC was Mariner steel with tinc-rich primer inside the, blisters.

V--3031T-200 coal tar epoxy system at a 20-mil thick-
ness. The coating was in tiear -perfect condition . 13 . Pl c X It ad a tha meC-sitray'C cd alilt tnt it Sv Ste ti

Wh11ic s aS 1101W Inl tile web area Lit the itop ot ties;,oas

8. pile 1 2C was coated with a Plas (hemil Ss sein /oie. ile adjacent flat surfaces hlad ldlrgc p~eClIIIo Arid
1 nsist itig of a zinic-rich Zinc-i te p rinre, r. *aCcraii b li-a critiv areas.

(Crail-ite =1 01 intermnediate coat, and a 2 1 40
liieh-h uild epoxy topcoat. Fihe Coatinig was extretnlk I4. P'ile PI hs lad a flarite-splastay l Alitlitiir p111ih,"

- ~Ill ii .t ine NULT.-I153>) isasli IlietC and ai Mltc'c's
%\Cak anld hail rust coming through. The system \ii as ill~fl eI~.Ol110U)V )411 l I
nonexistent at thle waterlinte. where there w as lieav\ 1 lnr iiiiCi \ittl Scal rt di O-m fi pt o1t5.24
rusting. (Coating adhtesioni Was SO poor unlderwater that linies, kt corrosion oi blisterig ciossinig tile pihiri atrcl
it could be removed with the thuinhnai. Thickness of spaCcsI at .i)lli 2-ft (0.0111) 1 fintervals' alolg Ilie pdlc
tle coating appeared to be about 10 mils above thle Teei r rbbycue \a plcto eet
waterline.- and about 14 to 16 mils onl underwater areas. ~Tese cI )blsengaiid liMed blue wahplicai old heIC

sExensv at ist les aMiid ti le ashelie Ilosei li e
9. Pile I13C was coated with a Plas Chetin svstemi wera mn la:saln ie s tlreean laree be ce

edges if' thle steel piling eesilecmtldhe:-C
ciusist ing of a Lin-cor =1 I organic uinc -r ichI primer of the galvantic cathItodi c prtion
with Chemi-Pon -1-3 l OX Red and #23 l OX Grey epoxy al o
topcoats. Thickness ranged froml 7 to 15 mils onl under- 15. Pile INC was primed with flame-sprayed /Iic.
water areas, with mnany measurements of 9) to 10 mils. coated with a coal-tar solution, and topCOated il 3
Bare areas along the edges appeared to have been coal-tar emulsion. There were detiise 4 blisters ott all
patchted with coal tar epoxy. The coating was very utnderwater areas. wvith exieiisike rusting iii tile splas.h
brittle and had been knocked off' the (titer flange /otte. li thle upper splash area, as nmuchlt as 75 percent
of thle pile in many areas. of' tlie ste el was bare atid rusting. Atinosplteric areas

were ill fa Ir to poor C01IIit io) . s. itt 1 ito II inOI IIIStI irte_
10. Pile 1 4C tad a ('liinglaze orgoanic tine-rich along sonie edues and exteisise --4 liliit l tic.

prieri with a Chieiitgla/.c 11 urethiane topcoat. both coatinmg was extremlely weak and ciutmtbledl i tn
itade by I Itglisonl Chemicals. Thie Coating shoiwed scratched withi a jack-kitile. (oai,itii thiic-knes wm~c
extensive rust aloitg thle edges iii tile atmospheric tile waterline was 22 to 23 iiils.
areas, and associated blistering and rust undercutting.
At thie waterline. sortie areas had no topcoat. while I s. Pile 20C had a ii inic witl It am Iu- vlassN flaktc
others had no coating at all. Extremely dense #5 and V/-I 0/V-l 10 viml pii sv Stctn., Thme COatlu t I
=6 blisters were present onl underwater areas. Tile dense =4 blisters onl all titderwaer areas ilic sa
coating measured 5 to 9 mtils, with imtch of thle under- almitost ito rulst onl tin dcralt iareas, htos met . st tir

water areas measuring 6 to 7 mils. bare edges were rustitig alonig the waterlite No ruist

uinde rcu tt ing was tnted a Ionpg thle r List ing d e

I I . Pile I SC had a urethane intermediate coat and
topcoat over an organic zinc primner; all coatings were I17. Pile 21 C had ati ition'aii ,iic IDiiiictoat

man ufact ured by fI lo Chemnicals . Siotie corrosion a syn thle tic resini Antercoa t 5 4 t ie td atIL d -S

broke through the coating tin flat Suirfaces. and the vinyl imastic topcoat. Thle pile w as hent shipl\ at
sharp corners oif the piles showed corro~siotn dute to grotunid level the coattimi h tad shtat t crd Ill thiat atC3.
damiage. Dense :to and :t7 blisters were noted along leaving tilie pile completely bare. Tlteic were nidini-

rte damtaged edges on iniderwater areas. Coating denlse --b blister inl tile tipper port otit' filie splash
thickness measured 15 to 17 mnils. area. Some of thle blisters w\ere cracked and allowed

tile underly, ing steel to rust. MamY' ot tilie edgeL~s ()I tlie

12. Ptile Il( had a 11atte-sprayed Ziutte prunerC fitl- pile were bare andtlutstitig. Cstaing ithickitess, masited

Itmied Is au hilite kill P. I .32X wash ptilii/ l a ; tbsiit 1) to 10(111tt .
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Figure 8. Iolarization characteristics ol h'are carbon steel (ASTM A 36).
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PILE NO

COATING:
FEET FROM
TOP

ASTM 0 A IB C D2 E 3F G H4COMMEN TS RATING I 0 0

2 -
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9-,---- --

ZONE
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ZOEEDDON

- - MMERSION
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21 8 ----- ]- -

19 -- - - -
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22 --
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24 (COATED)

25 -- -

26---

27 -- -
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(BARE)

29

301---

40

40 "-SHOWS RUSTING

Figure 10. Typical schematic surface area o1 pilings showing various zones.
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PILE NUMBER -- IC (Bare Carbon Steel)
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Figure 11. The flange thickness of bare carbon steel (ASTM A 36) pile at various depths.
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PILE NUMBER = 2C (Bore Carbon Steel with Zinc Anodes)
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Figure 12. The flange thickness of bare carbon steel (ASTM A 36) pile with sacrificial zinc anodes at various deplhs.
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PILE NUMBER = 3C (Bare Carbon Steel with Aluminum Anodes)
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Figure 13. The flange thickness of bare carbon steel (ASTM A 36) pile with sacrificial aluminum anodes
at various depths.
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PILE NUMBER s 4C (Bare Mariner Steel)
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Figure 14. The flange thickness of bare Mariner steel (ASTM 690) pile at various depths.
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PILE NUMBER z5C (Bare Mariner Steel with Zinc Anodes)
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Figure 15. The flange thickness of bare Mariner steel (ASTM 690) pile with sacrificial zinc anodes at various depths.
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Table 5

Visual Evaluation of Coated Steel Piles After 5-Year Exposure
at Buzzards Bay, MA, According to ASTM D 610-68

Coating System ASTM Rating

Number Generic Classification Atmospheric Zone Immersed Zone
29-40 ft 20-29 t

6 Coal Tar I puxy Over Zinc-Rich i Anodes 10 1 )
7 Coal Tar Iposy Over Zinc-Rich 9 9
8 Coal Tar 'poxy Over Zinc-Rich 8 9
9 Coal Tar Lpo)y Over Zinc-Rich + AI 20 8 9

10 Coal Tar Epoxy Over Epoxy Resin 9 9
11 Coal Tar Epoxy Over Zinc-Rich Over Mariner 8 9
1 2 Epoxy Over Inorganic Ceramic 5 0
13 Epoxy Over Organic Zinc Primer 8 5
14 Polyurethane Over Organic Zinc-Rich 8 6
15 Polyurethane Over Organic Zinc-Rich + Flastomncric 8 8
16 Polyurethane Over Flarne Sprayed 4 0
17 Aluminum, Flame Sprayed 1 1
18 Aluminum. Flame Sprayed + Vinyl Sealer 8 8
19 Zinc, Flame Sprayed With Coal Tar Emulsion 6 0 (Bent by ice)
20 Vinyl Glass Flake Over Vinyl Zinc-Rich 8 8 (Bent by ice)
21 Vinyl Mastic Over Resin 3 4 (Bent by ice)

Categories of Coatings these coatings contain compounds which are known
For dicussion. the coatings for these 17 pilings can carcinogens. SSPC is investigating complaints b6 usei

be divided into five categories: agencies about the continued use of coal tar coatings.
Most of the damage to the coal tar epoxy coating was

I. Organic coatings caused by marine organisms (especially barnacles)
in the immersed zone. No erosion corrosion was noted

2. Organic over inetal-filled coatings in tile sand zone. System 12. which is epoxy over
inorganic ceramic, was damaged during installation

3. Organic over metal-filled coatings with cathodic and did not perform well. It was rated 0 in the inn-
protection mersed zone. System 21, a vinyl mastic over synthetic

resin tiecoat over washcoat inorganic zinc primer was
4. Metallic coatings blistering and given a rating of 4 The pile was bent

by ice in 1978.
5. Organic over metallic coatings.

Organic Over Metal-Filled Coatings (Svrstems 7, 8. 9.
These classes are discussed below; the coatings' 11, 13, 14. 15, and 20)

ASTM ratings are summarized in Table 5." (Table 2 Seven coatings with electrically insulating topcoats
describes the ,nmerical ASTM ratings.) fell into this classification. The coal tat epoxy ovej

zinc-rich primer coatings (systems 7, 8. 9, anid II)
Organic Coatings (Svst'mns 10, 12, and 21) exhibited excellent protection in tie atnosphetic and

System I), a coal tar epoxy (-200 over epoxy resin immersed zones. System 9 was artored at fie sand
printer, gave good protection and was rated 9 in the zone with aluminum oxide. System I I was on Marimwe
immersed zone. At this time, coal tar coatings are steel. There was no measurable difference between the
readily available. However, coal tar pitches used in performance of [-303 zinc-rich primer and Porter

Zinc LAx)c printer.
' I valuaing Degree of Rusting on Painted Steel Stnictures,

ASTM D 610-68 (American Society for t[esting and Materials, System 13. an epoxy over an organic zinc-iich

1968. printer was rated 5 in the immersed /one. Tire epoxy
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APPENDIX:
CHARTS OF CORROSION BEHAVIOR OF STEEL PILINGS
AT BUZZARDS BAY, MA, AFTER 5 YEARS OF EXPOSURE

PILE NO 6C

COATING: COAL TAR EPOXY OVER ZINC RICH WITH ZINC
ANODES

FEET FROM
TOP

ASTM 0 A IB C 02 E F G H 4

COMMENTS RATING 0 o

2I

3I
4i

10 Al MO -SPHEFC
ZONEJ

9 ---

10 - _

13 - - - - __

14 TIDA ' I

15 
ZONE

10 16 _ _.O
10 IMMERSION

ZONE i

18 -- -

19 -- -

20 - - -

21 - - --- 1
22 -

EM8EUDE '-NL
23 - -- (C AT E [

24

25 -- --

26 --

27 1 -
____j_ E MBEDDE NE

28 - ( RE)

29 - -

30 --
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PILE NO 7C

COATING: COAL TAR EPOXY OVER ZINC RICH

FEET FROM
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ASTM 0 A IR C 02 E 3F G H4
COMMENTS RAIING 0 0 

6 - -- ATMOSPHERIC
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12 3- - e--

RUSTY SPOT 1I
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9 ? 1 -- -- - MtAK
17 ~IMMERI CN

ZONE[
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21 - - - - --

22 - -
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24 - -

26 -

27 -
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(BARE)}
29 - - -- -
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PILE NO 8C

COATING: COAL TAR EPOXY OVER ZiNJC R)CH
FEET FROM
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ASTM 0 A 1 8 C 02 E 3 F G H 4
COMMENTS RATING o o

2

5
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7 --- - -I
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26 -

27 - - ,
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29 -
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PILE NO 9C

COATING: COAL TAR EPOXY OVER ZINC RICH, ALUMINUM
ARMOURED
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6 '1 2 NE :8- " --- 1

6 12 9 -- E)~
A -- ___

1312- __ .- .2:

14 - - - TIDAL

9 -5 
ZE

IS- 3 !_

17 IMMEPSION
SZONE

18 -----

19 - - - - -

20 ----

21

22 - - -

23 EMREUPE: ",NE
(COAT E 11)

24- ----

25-

2 ? - --- ..

27 tq,

28 - EMBOEDEDC ZONE

zc)I MAPEl

30 - - - - -* -

S--0W~'WC 'bST IN



PILE NO iOC

COATING; COAL TAR EPOXY OVER EPOXY FRIMFR
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PILE NO IIC

COATING: COAL TAR EPOXY OVER ZINC RICH OVER MARINER
STEEL
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ATM 0 A .8 C D2 E 3F G H 4

C'OMMEN T; RAI-:NG I 0 o l I 0 !

ATMC F' E
; '
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9---- - .. B_

12 3 - _

SMALL (1/4") 9 4TDAL
RUSTY SPOTS 15 - I __

IMMERSICN
ZONE

18-- - ___

20 - - _

21 _-A
22 -

23 EM BEgDE2 ZC C

24 
(COATE C)

25

26 :

27 I--:

EMBECDED ZONE(BARE)l
29 - - - - - -

30-

40

--- SHOWS RUSTING

40



PILE NO 12C

COATING: EPOXY OVER INORGANIC CERAMIC
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TO)P

ASTM A I R1 2 f? EF
COMMENTS RATING -- -0
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PILE NO !3C

COATING: EPOXY OVER ORGANIC ZINC
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TOP

A IB C 02 E 3F C H

COMMENTS RATING 0 o
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27 -- - I'VE
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PILE NO 14C

COATING: POLYURETHANE OVER ORGANIC ZINC RICH

FEET FROM
TOP

ASTM 0 A 18 C 02 E 3 F G H".
COMMENTS RATING 0 o

3 -- -

8 5
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6------ -ZONE

10
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PILE NO 15C

COATING: POLYURETHANE OVER ZINC RICH

FEET FROM
TOP

ASTM A IB C D2 E 3F G H4

COMMENTS RATING o 0

2

3

8 5 _ _ - _
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PILE NO 16C

COATING: POLYURETHANE OVER FLAME F;PRA ED
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PILE NO 17C

COATING: FLAME SPRAYED ALUMINUM
FEET FROM
TOP

ASTM 0 A IlB C D2 E 3 F G H 4

COMMENTS RATING o o
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PILE NO 18C

COATING: FLAME SPRAYED ALUMINUM AND VINYL SEALER

FEET FROM
TOP

ASTM 0 A I B C D2 E 3 F G H 4
COMMENTS RATING 0 0
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PILE NO 19C (PILE BENT BY ICE)

COATING: FLAME SPRAYED ZINC WITH COAL TAR EMULSION

FEEr FROM
TOP
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PILE NO 20C (PILE BENT BY ICE)

COATING: VINYL GLASS FLAKE OVER VINYL ZINC RICH

FEET FROM
TOP
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COMMENTS RATING 0

8 5- - - - - : -
AT MOS-PNER I-C
ZONE

7

10 - - - - - - -

#4 BLISTERS 13 2 i 3 - '

14 , FODAL
15 ' 1 )NE

-16.. . ., -' - O - --

IMMERSON
I? - - : - ZONEl

19 - - - - - -

20 -. - - - -, 2 1
22 2 ._ : : ?; :EM3E OE ? ZNL
2 -t (COATED)

24-
25 . : :..

26

27 ----
EMBEDOED ZONE

(BARE) I

40

S--SHOWS RUSTING

4(Q



PILE NO 21C
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